















1 passenger car emits approximately 
7.5 tonnes of CO2
annually
Waste Generation
U.S. Building Sector Waste














































The Life Cycle Analysis of 
a building is the process 
of accounting for the im-
pacts of the building result-
ing from the materials and 
processes associated with 
the production, use, and 
recycle/reuse/or disposal 
of the building at the end 
of it’s life.  This includes 
harvesting raw materials, 
manufacturing of products, 












Global Warming Potential 
Acidification Potential




The Athena Sustainable Materials Institute (www.athenamsi.ca) is a 
Canadian not-for profit whose objective is “to foster sustainability of the 
built environment, by meeting the building community’s need for bet-
ter information and tools that allow environmental considerations to be 
factored into the design process.”
The EcoCalculator Software, used in this project, was created by the 
Athena Institute as a free spreadsheet software available by download 
on their website.  The software analyzes 7 assembly categories for 8 
different impact measurements (see right).  It references data that the 
Athena institute has completed as well as the National Renewable En-
ergy Laboratory’s (NREL) research and data. For each category, the user 
inputs the area or volume associated with that assembly.  The last tab 
summarizes the results with graphs for each impact measurement.  
The software does have some limitations.  It is limited in the types of 
materials and construction assemblies to choose from.  Any material 
Foundation Wall Surface Area:
Footing Volume:
Floor/Roof Area:
Exterior Wall Surface Area:










































































R-20 cont. rigid insulation (4”) +
polyethylene membrane





2” cont. rigid insulation
8” CMU
Interior Columns




2 coats latex paint
Floor Slab
188,019 sf
4” poured concrete slab
Foundations and Footings:
205,318 sf / 3,230 cf
CIP concrete










































































































1 - CIP concrete













































































































































































































4 - Hollow Structural Section


































































































































PRODUCED BY AN AUTODESK STUDENT PRODUCT
3 - LVL




































































































































1 - Wood Stud
Gyp. Bd. + Paint
2x4 Wood Stud 24” o.c.
 w/ Cavity Insulation
Gyp. Bd. + Paint

































































2 - Steel Stud
Gyp. Bd. + Paint
2x4 Steel Stud 24” o.c.
 w/ Cavity Insulation
Gyp. Bd. + Paint





































































































































1 - Precast Hollow Core Concrete
EPDM over Continuous Insulation
Precast Hollow Core Concrete
Latex Paint
2 - Precast Concrete Double-T
EPDM over Continuous Insulation
Precast Concrete Double T
Latex Paint

































































3 - Suspended Concrete Slab
EPDM over Continuous Insulation
Suspended Concrete Slab
Latex Paint

































































4 - Open Web Stl Joist w/ Stl Deck
EPDM over Continuous Insulation
Open Web Stl Joist w/ Stl Deck

































































5 - Open Web Stl Joist w/ Wd Deck
EPDM over Continuous Insulation
Open Web Stl Joist w/ Wd Deck

































































6 - Glulam Joist w/ Plank Deck
EPDM over Continuous Insulation
Glulam Joist w/ Plank Deck

































































7 - Wood I-Joist w/ Wood Deck
EPDM over Continuous Insulation
Wood I-Joist w/ Wood Deck

































































8 - Solid Wood Joist w/ Wood Deck
EPDM over Continuous Insulation
Solid Wood Joist w/ Wood Deck

































































9 - Flat Wood Truss w/ Wood Deck
EPDM over Continuous Insulation

































































2 - PVC Membrane
PVC Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

































































1 - EPDM Membrane
EPDM Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

































































3 - Mod Bitumen Membrane
Mod Bitumen Membrane
Continuous Insulation
Open Web Stl Joist w/ Stl Deck

































































4 - 4-Ply Built Up Roof
4-Ply Built Up Roof
Continuous Insulation
Open Web Stl Joist w/ Stl Deck













































































































































































































3 - Tilt Up
Brick Cladding
Continuous Insulation
8” Concrete Tilt Up




































































Gyp. Bd. + Paint

































































5 - Steel Stud
Brick Cladding
Continuous Insulation
2x4 Steel Stud, 24” o.c.
Cavity Insulation
Gyp. Bd. + Paint

































































6 - Wood Stud
Brick Cladding
Wood Sheathing
2x6 Wood Stud, 24” o.c
Cavity Insulation
Gyp. Bd. + Paint




































































Gyp. Bd. + Paint







































































































































Steel Stud w/ Cavity Insulation




Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint




































































Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint

































































4 - Vinyl Cladding
Vinyl Cladding
Continuous Insulation
Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint

































































5 - Wood Cladding
Wood Cladding
Continuous Insulation
Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint




































































Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint

































































7 - Precast Concrete
Precast Concrete Cladding
Continuous Insulation
Steel Stud w/ Cavity Insulation
Gyp. Bd. + Paint




































































Improved Life Cycle Performance for Construction of Big Box Retail 







2011 Sales in the U.S.:
3,029
number of supercenters in 
the U.S. in 2011
146
number of abandoned 
Walmart stores in the U.S. 
listed as available for lease 
or sale as of 2011
641 million
total square footage 
of the island of 
Manhattan
698 million
total square footage of 





Walmart plans to open 
in the U.S. in 2012 
(210 total stores)
185,000
average square footage of 
a Walmart supercenter
Walmart by the Numbers Typical Walmart Supercenter
Current Walmart Supercenter ConstructionLife Cycle Analysis Athena EcoCalculator
and products, assembly into a structure, maintenance and operations 
during use, and disposal at the end of it’s useful life.  
 
LCA is a way of quantifying and analyzing many different factors 
which affect the human environment, one of which is embodied en-
ergy.  Embodied Energy of a building is defined as the total energy 
input consumed during the life cycle of the materials and products 
of the building.  A life cycle analysis could also include factors like 
CO2 emissions, ozone depletion, and/or human respiratory effects to 
name a few.  Currently, there are a number of sources which are pro-
ducing life cycle data.  Unfortunately, there is no standard by which 
these values are weighted so conflicting data exists.
that is relatively new or unique is not included.  You can not edit/add assemblies to the 
spreadsheet; you may only use what they provide.  The software also makes a number of 
assumptions.  For example, column heights are set to 10 ft with bays of 30’ x 30’.  
NOTES:
Comparison based on values for rigid insulation on 
metal decking.
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1 2 3 4
GWP
13.25 13.16
1 2 3 4
78.93 75.36
199.08 195.5






1 2 3 4
13.25 13.16










1 2 3 4
GWP
1 .25 13.16
1 2 3 4
78.93 75.36
199.08 195.5






1 2 3 4
13.25 13.16










1 2 3 4
GWP
13.25 13.16
1 2 3 4
78.93 75.36
199.08 195.5






1 2 3 4
13.25 13.16
1 2 3 4XPS EPS
78.93 75.36
199.08 195.5






1 2 3 4
GWP
13.25 13.16
1 2 3 4
78.93 5.36
199.08 5.5






1 2 3 4
GWP
13.25 .16










1 2 3 4
GWP
13.25 13.16
1 2 3 4
78.93 5.36
199.08 5.5






1 2 3 4
GWP
13.25 .16










1 2 3 4
GWP
13.25 13.16
1 2 3 4
78.93 5.36
199.08 5.5






1 2 3 4
GWP
13.25 .16




Insulation data based on CIP foundation.
Insulation
NOTES:
Comparison based on brick cladding values
















































































1 2 3 4 5 6 7
concrete mtl wood















































1 2 3 4 5 6 7










Comparison based on values for EPDM 
membrane over continuous rigid insulation 















































1 2 3 4 5 6 7 8 91 2 3 4 5 6 7 8 9
*































































































1 2 3 4 5 6 7 8 9
1 2 3 4 5 6 7 8 9
*









(kg CO2 eq /sf)
Assembly LCA data



































































R-20 cont. insulation + polyethylene membrane
Flat wood truss with wood decking
Exterior Wall Construction
Wood Cladding
Wood structural pnl sheathing
2x6 wood stud, 24” o.c.
R-19 cavity insulation




Gyp bd + latex paint
2x4 wood stud, 24” o.c.
Gyp bd + latex paint
Floor Slab

















R-7.5 EPS insulation (1.5”)
Results: Construction Type Comparisons
...reduce by 39,600 elephants (269,600 tonnes of waste annually)
...remove 70,290 cars from the road (527,100 tonnes CO2 eq annually)









(kg CO2 eq /sf)
...increase by 1,650 elephants (+11,220 tonnes of waste annually)
...remove 61,820 cars from the road (463,650 tonnes CO2 eq annually)
... power 168,219 houses (6.9 million MJ annually)
...increase by 99,615 elephants (+677,400 tonnes of waste annually)
...remove 35,200 cars from the road (264,000 tonnes CO2 eq annually)
...power 119,802 houses (4.9 million MJ annually)
What impact would 
Walmart have if they 
switched to one of these 
constructions?
They would be able to...
*based on 110 supercenters per annum
**each icon equals 5,000 units



































































R-20 cont. rigid insulation (4”) +
polyethylene membrane




2” cont. rigid insulation
8” CMU
Interior Columns
10” square HSS 
Interior Wall Construction
6” CMU











4” poured concrete slab
Foundations and Footings:
CIP concrete foundation
R-7.5 XPS insulation (1.5”)



































































R-20 cont. insulation + polyethylene membrane
Flat wood truss with wood decking
Exterior Wall Construction
4” Face Brick
Wood structural pnl sheathing
2x6 wood stud, 24” o.c.
R-19 cavity insulation




Gyp bd + latex paint
2x4 wood stud, 24” o.c.













Brick retains exterior aesthetic of existing assembly
Interior is wood structure
Floor Slab
4” poured concrete slab
Foundations and Footings:
CIP concrete foundation
R-7.5 EPS insulation (1.5”)



































































R-20 cont. insulation + polyethylene membrane









Gyp bd + latex paint
2x4 steel stud, 24” o.c.













Retains interior and exterior aesthetic of existing
Metal stud interior walls and CIP exterior structure
Floor Slab
4” poured concrete slab
Foundations and Footings:
CIP concrete foundation




*Gyp. Bd. + Paint on interior
**studs 16” o.c.
